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&) Animproved machine for grinding the edges of a sheet of giass, particularly for automobile windows.

tronic system and including a grind wheel carried by a wheel
arm supported on a carriage moving along a rectilinear path,
is provided with a support of the wheel arm pivoted on the
carriage, the angular set of which is controlled by the elec-
tronic processor so as to maintain the axis of rotation of the
grind wheel on a path paraliel to the path of the carriage, in
order to eliminate working defects on the corners or on
points of low radius of the sheet of glass (figure 2).

@ A machine for grinding the edge of sheets of plate glass [ ‘] 5
of the type free from copying cam and controlled by an elec- I i -
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Title of the invention: "AN IMPROVED MACHINE FOR GRINDING
THE EDGES OF A SHEET OF GLASS, PARTICULARLY FOR AUTOMOBILE
WINDOWS"

>3 K

DESCRIPTION

Background of the invention

l. Field of the invention

The present invention relates to an improved machine
for grinding the edges of sheets of plate glass, parti-
cularly for use in automobile windows.

It is well known that a sheet of glass which has
been cut according to a desired profile, has to be ground
at the edges, both to eliminate the cutting edge which
otherwise could produce disadvantages during further
working, and to remove possible periferal microcracks
which would cause breakage of the glass itself during
the course of subsequent thermal treatment (tempering,
bending, and the like).

The term grinding is used to define the operation
which allows removal, by means of a diamond wheel, of
a thickness of material located on the edge of the sheet
for a depth which varies as a function of the use for
which the sheet is intended.

2.Description of the Prior Art

Apparati for grinding sheets of glass are already
known from the prior art.

For example a type of machine used industrially is
known in which the glass rotates around an axis of rota-
tion around which also rotates a cam shaped 1like the

glass. A follower wheel engages with the profile of
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the cam, to regulate the position of the grind wheel
with respect to the glass. This grinding system is
cdmmonly known as cam grinding. Examples of these
machines are illustrated in US patents 2561929 and
2293828, as well as published Italian application number
19366A/79.

In all the machines illustrated in the above patents,
it should be noted that the distance between the pivot
point of the wheel arm and the axis of the shaft support-
ing the glass is fixed.

In French patent number 2070521, which illustrates
a manually controlled machine for processing profiles
of sheets of glass at the artisan level, the distance
between the axis of rotation of the wheel arm and the
axis of the shaft supporting the glass is variable,
moreover the support of the wheel arm moves in a complex
fashion, in any case not rectilinear with respect to
the chassis.

US patent number 4587764 describes a grinding machine
which does not use a copying cam, and uses instead an
electronic control system which allows adjustment of
the grinding parameters such as pressure and periferal
grinding speed, so as to obtain both the advantages
of eliminating the copying cam and of obtaining a high
working quality. This machine makes use of the combina-
tion of three mechanical motions: a rotational motion
of the piece to be processed which defines the grinding
speed, a rotational motion of the wheel arm about its
pivot point which defines the grinding pressure and

a reciprocating linear motion of the pivot point itself
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in the horizontal direction, as a function of the shape
of the piece being worked. |

It has been noted in practical use that the above
described system, while representing a considerable
improvement with respect to the known systems, has some
drawbacks in the case of grinding pieces having sharp
corners of a very low radius of curvature. In fact
in this case it is difficult to adjust the pressure
and periferal speed which are the characteristic para-
meters determining the grinding gquality in the corner
areas, resulting in an undesired deformation of the
corner itself.

Summary of the Invention

An object of the present invention is to ‘provide
an improved machine for grinding edges with no use of
a copying cam, capable of obtaining a higher working
precision on areas having sharp corners of a low radius
of curvature in the work piece.

This object is fulfilled by an improvement to a machine
of the type described in US patent number 4587764, wherein
a fourth mechanical motion is added to the three mo-
tions previously illustrated, the fourth mechanical
motion being a rotational motion of a support member
of the wheel arm, the support member being pivoted to
the carriage by means of a journal thus being driven
by the reciprocating linear motion of the carriage itself.
This additional motion, which again 1is controlled by
electronic processing, causes the machine to maintain
the center of the grind wheel in all cases sliding along

a horizontal axis, parallel to the reciprocating linear
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motion of the carriage during grinding. In such a way
it is possible to ensure that the amount of time for
which the grind wheel is 1in correspondance with the
corners is exactly that desired, with no disadvantageous
time increase or decrease, due to a displacement of
the axis of rotation of the grind wheel from the above
mentioned axis. This causes the elimination of
disturbances to the grinding speed parameter which would
be introduced by a relative movement of the grind wheel,
with respect to the piece being worked, in a transversal
direction with respect to the straight 1line crossing
the axis of rotation of the grind wheel and the axis
of rotation of the work piece.

It is consequently an object of the present invention
to provide an improved machine for grinding the edge
of sheets of glass, driven by digitally controlled elec-
tric motors, of +the type which includes a grind wheel
rotating at a fixed speed about a axis of rotation,
and carried by a wheel arm supported on an horizontally
reciprocating carriage, moveable as a function of the
geometrical shape of the sheet +to be worked along a
recﬁilinear path fixed with respect to the sheet, the
sheet being supported and rotated by a chuck having
a fixed position and a wvariable speed of rotation which
determines the grinding speed, the improvement in the
machine comprising: a support of the wheel arm secured
to the carriage by means of a journal bearing for a
horizontal pivotal movement:; a journal shaft pivotally
secured to the support for a horizontal pivotal movement

to said support and positioned in a horizontally offset
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and parallel relationship with respect to the journal
bearing, the wheel arm being rigidly secured at one
end thereof to the Jjournal shaft and supporting the

grind wheel at the other end; a digitally controlled

~ torque motor to control the attitude of the support

and to provide the grinding pressure, the motor being
connected to the Jjournal bearing of the support for
rotating the bearing to the extent that the support
orientation, defined by a straight line crossing the
center of the bearing and the center of the journal
shaft, is maintained constantly parallel to the tangent
on the profile of the sheet of glass at the instantaneous
working point; and a digitally controlled piston acting
between the support and the wheel arm to control the
angle between the support and the wheel arm and to main-
tain the axis of rotation of the grind wheel constantly
on a path defined by a straight 1line parallel to the
rectilinear path of the carriage and passing through
the axis of rotationrof the sheet.

Furthermore, an object of the invention is an improved

-method for grinding the edge of sheets of glass, wherein

the axis of rotation of the grind wheel is moved along
a rectilinear path defined by a straight 1line parallel
to the translational direction of the carriage and passing
through the axis of rotation of the chuck.

Brief description of the drawings

The present invention will be further illustrated
by reference to the accompanying drawings, in which:
figure 1 shows the elements of the machine according

to the invention, in the direction of arrows I-I on
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figure 3, namely with the +translational direction of
the carriage perpendicular to the drawing;

figure 2 is a schematical top view of +the present
invention;

figure 3 is a sidé section view along the line ITI-
IIT on figqure 2;

figure 4 is a simplified outline of the kinematical
movements of the grind wheel according to the prior
art; and

figure 5 is a simplified outline of the kinematical
movements of the grind wheel according to the present
invention.

Description of the Preferred Embodiment

Referring to figqures 1 to 3, the machine is based
on a chassis 1 which suppoi‘ts slide guides 2 on which
a carriage 5 slides. The carriage is moved in a recipro-
cating rectilinear Thorizontal transitional movement
which serves the purpose of establishing the distance
of the axis of rotation of a grind wheel 9 from the
axis of rotation of a chuck 11 supportiné the glass
to be worked. Such elements of the machine operate
as described in the US patent 4587764 herein indicated
as a reference.

As stated above, in order to eliminate the working
defects in correspondance to the corners or points on
the sheet of glass with a low curvature radius, it has
been found necessary that the grind wheel 9 be driven

by the carriage 5 without any displacement in a direction

transversal to the movement of the carriage 5.

In order to obtain this result and others which will
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be illustrated hereinafter, the wheel arm 3 which supports
the wheel mandrel 12, is driven by carriage 5 with the
intermediation of a support 7, which is pivotally con-
nected to the carriage 5 by means of a journal bearing
10. The bearing 10 comprises a shaft 6 integral with
the support 7, rotatable with respect to the carriage
5 and integral with a pulley 4 which, through a belt
transmission, is rotationally driven by a torque motor,
not shown in the drawing. The motor adjusts the attitude
or angular position of the pulley 4 and consequently
of the support 7 relative to the chassis, the motor
being controlled, as are the other motors of the machine,
by a digital processor wherein the working parameters
as well as the profile of the work piece are stored.
The motor serves the additional purpose of establishing
in an instant by instant mode the grinding pressure
which is one of the basic working parameters, and it
maintains the grind wheel 9 against the edge of the
sheet of glass at the desired pressure, so as to remove
the desired amount of material. The sheet is supported
by and made integral with a rotating chuck 11 having
a fixed axis of rotation.

On the support 7 a journal shaft 8 is pivotally secu-
red, which in a particular embodiment is a square rod
journaled at both ends to the support 7. The Jjournal
shaft 8 rigidly supports the wheel arm 3. Between the
support 7 and the wheel arm 3 a pneumatic piston 16
is acting, whose function is to control and correct
the angulation between the support 7 and the wheel arm

3, so as to maintain the axis of rotation of the grind
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wheel 9 on a straight Iline parallel to the direction
of movement of the carriage él

The piston 16 can be of a rolling membrane type,
controlled by an electromagnetic transducer which in
turn is controlled, as are the other motors of the
machine, by a digital processor which establishes point
by point the angulation between the support 7 and the
arm 3.

Preferably, according to the present invention, the
attitude of the support 7 relative to the carriage 5
is maintained parallel to the tangent at the point of
the sheet of glass which is being worked by the grind
wheel. By the +term "attitude of thé “support 7", we
intend a direction defined"by a straight 1line crossing
the axis of rotation of the support 7 (axis of the shaft
6) and the axis of rotation of the wheel arm 3 (axis
of rotation of the journal shaft 8). The attitude of
the support 7, as stated hereinbefore, is obtained by
rotating the pulley 4 to such an extent that the desired
attitude of the support 7 is obtained.

Preferably the combination of the movements performed
by carriage 5, support 7 and wheel arm 3 is so realized
that the axis of rotation of the grind wheel and the
axis of rotation of the pulley 4 as well as the shaft
6, are all placed on the. same vertical line. In this
way the angle correction between the'support 7 and the
arm 3, performed by the piston -16, will always be of
a small extent.

Consequently for each point on the profile of the

sheet of glass to be ground, the electric motors control-
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led by the electronic processor will establish the working
parameters, namely speed of rotation of the work piece,
working pressure, distance of the center of the grind
wheel 9 to the center of the chuck 11, and additionally
the attitude of the support 7 and the angle correction
between the support 7 and the wheel arm 3.

The operation of the above illustrated machine will
be better appreciated by reference to figures 4 and
5.

Figure 4 schematically illustrates the movements
of a device operating according to US patent 4587764.
A piece of glass V' borne by a chuck 11, rotates in

the direction of the arrow F'. In figure 4 there are

‘furthermore illustrated a grind wheel 9', a wheel arm

3', a carriage 5' and a slide guide 2'. Figure 4 illu-
straﬁes four successive positions taken by the . grind
wheel 9' and indicated in C'yr Clyy C'3 and C', respect-
ively, said symbols indicating the center of the grind
wheel 9' in the different positions. It can be observed
that the axis of rotation of the grind wheel is contin-
uously displaced from the translational direction R'
defined by a straight line passing through the axis
of rotation of the work piece and parallel to the guide
2.

Said displacement gives place to a holding time of
the grind wheel on the working point in correspondence
to a corner, which is longer than that desired, resulting
in a deformation of the corner as worked.

In fact, by observing the passage from the second

to the third position, it can be seen that the axis
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of rotation C's 1is shifted towards the direction R'
until overlying thereon (C'3), whereas in the successive
passage the axis of rotation C', of the grind wheel
is displaced from the 1line R'. When bearing in mind
that the speed of rotation of the grind wheel is constant,
it can be observed that in this case there will be a
translational speed of the grind wheel which, added
to the absolute speed of the work piece, leads to a
relative speed between the grind wheel and the work
piece which is different from that desired for working
on the point in question. In fact said desired speed
should have been equal to the absolute speed of the
work piece.

What happens in practice is that the grind wheel
9' will pause at the same point for a time 1onger4than
that desired, without the electronic control of the
periferal speed of the work piece being able to make
it shorter.

One possible way of reducing the deformation without
modifying the machine, 1is to considerably decrease,
even to zero, the grinding pressure. However, even
if this were zeroed, the glass corner would be pressed,
during its rotational movement, by a considerable weight
consisting of the weight of  the grind wheel, mandrel
and wheel arm, which would lead in any case to anr un-
desireable deformation of the corner.

Turning now to figure 5 wherein the kinematical move-
ments of the grind wheel according to the present inven-
tion are outlined, it can be observed that in the series

of positions of the work piece V, which rotates according



10

15

20

S - 0233159

to the arrow F, the grind wheel 9 in all cases maintains
its axis of rotation Cyvs Cys C3 respectively, along
the direction R passing through the axis of rotation
of the work piece V and parallel to the translational
direction of the carriage 5. This arrangement is obtained
by reason of a support 7 of the wheel arm 3 being caused
to rotate, as stated hereinbefore, so that the attitude
thereof 1is kept parallel to the profile of the work
piece.

According to the present invention, in correspondence
with the corners, any transversal oscillation of the
path of the axis of rotation of the grind wheel 9 is
inhibited, so that said center will not be disglaced
from the 1line R as mentioned above. Consequently the
holding time on the corners will be exactly that desired
and set on the electronic control of the machine.

Whereas thevinvention has been described in a preferred
embodiment, it will be appreciated that modifications
thereof can be envisaged within the scope of the same

invention.
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CLATIMS

1. An improved machine operated by digitally controlled
electric motors for grinding the edge of a sheet of
glass, including a grind wheel rotating at a fixed speed
about an axis of rotation, and carried by a wheel arm
supported on an horizontally reciprocating carriage,
moved as a function of the geometrical shape of a sheet
to be worked, along a rectilinear path fixed with respect
to said sheet, said sheet being supported and rotated
by a chuck having a fixed position and a variable speed
of rotation which determines the grinding speed, said
machine being characterized by the improvement comprising:
a support (7) for said wheel arm (3) secured to said
carriage (5) through a journal bearing (10) for a hori-
zontal pivotal movement; a Jjournal shaft (8) secured
for a horizontal pivotal movement to said support (7)
and positioned in an horizontally offset and parallel
relationship with respect to said journal bearing (10),
said wheel arm (3) being rigidly secured at one end
thereof to said Jjournal shaft (8) and supporting said
grind wheel (9) at the other end thereof; a digitally
controlled torque motor for controlling +the attitude
of said support and providing the grinding pressure,
said motor being connected to said journal bearing (10)
of the support (7) for rotating said bearing (10) to
such an extent that the orientation of said support
(7) as defined by a straight line passing through the
axis of rotation of said bearing (10) and the axis of

rotation of said journal shaft (8), is constantly main-
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tained parallel to the tangent on the profile of the
sheet of glass at the instantaneous working point; and
a digitally controlled piston (16) acting between said
support (7) and said wheel arm (3) for controlling the
angle between the support and the wheel arm and maintain-
ing the axis of rotation of the grind wheel (9) constantly
on a path defined by a straight line parallel to the
rectilinear path of said carriage and crossing the axis
of rotation of said sheet.

2. A machine according to claim 1, wherein said journal
bearing comprises a shaft (6) integral with said support
and a pulley (4), driven by said torque motor through
a belt transmission, is integral with said shaft (6).

3. A machine according to claim 1, wherein said pneu-
matic piston (16) is a rolling membrane piston controlled
by an electromagnetic transducer.

4. A machine according to claim 1, wherein the axes
of rotation of said grind wheel and journal bearing
are kept substantially in coincidence during working.

5. An improved method for grinding the edge of a
sheet of glass wherein a sheet of glass is rotated by
means of a chuck having a variable velocity and a fixed
axis of rotation and a grind wheel is rotated about
its center at a fixed speed with a variable grinding
pressure and is driven by a carriage moveable in recti-
linear direction, characterized by the improvement of
moving the axis of rotation of said grind wheel along
a rectilineal path defined by a line parallel to said
rectilinear direction of the carriage and crossing

the axis of rotation of said chuck.
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